Abstract. Oxidative stress has been proposed as an important pathogenic factor in diabetic wound complications. This study investigated the effect of polysaccharides from Radix Astragali (RAP) on alloxan-induced oxidative stress in diabetic mice. Diabetic mice were randomly divided into five groups: diabetic control, positive drug control, low, moderate, and high-dose RAP treated group. Meanwhile, normal mice were used as the control. RAP treated group received different doses of RAP (100, 200, and 400 mg/kg) via oral gavage once a day for 4 weeks. The effects of RAP on blood glucose, main antioxidant enzymes and malonaldehyde (MDA) were investigated. The results showed that RAP significantly increased superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT) levels in liver and kidney, while decreasing blood glucose levels and MDA levels in liver and kidney in mice. These findings demonstrate that RAP possesses hypoglycemic and protective effect on alloxan-induced oxidative stress in diabetic mice.
dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT) and malonaldehyde (MDA) were purchased from Jiancheng Bioengineering Institute (Nanjing, China). Laboratory animals. Male Kunming mice (18 to 22 g) were supplied by Experimental Animal Centre of Jilin University (Changchun, China). The animals were kept in a specific pathogen-free animal room maintained at 21 ± 1 °C and relative humidity of 55 ± 10% with a 12 h light and dark cycle, and were provided standard rodent diet and tap water. Plant materials and preparation of polysaccharides. The dried Radix Astragali was obtained from Jilin Province herbal shop and identified by Prof. Zhu Zhu of Jilin Business and Technology College (Changchun, China). The voucher specimens were deposited at the Herbarium of the Northeast Normal University (Changchun, China). The dried samples were ground with a mill and sieved using a 60-mesh sieve (pore size 0.3 mm). The milled powders were sealed in air-tight plastic bags and stored in a desiccator at -20 °C. Polysaccharides from Radix Astragali (RAP) were prepared according to the previously published method [13] . In brief, the powders of Radix Astragali extracted with distilled water in a ultrasonic cleaner bath set (KQ2200, Shu-Mei Co., Kunshan, China) at a selected extraction conditions (solid/liquid ratio of 1:20, extraction time of 10 min, ultrasonic power of 65 W and extraction temperature of 60 °C). After filtration to remove debris fragments, the filtrate was concentrated using a speed vacuum concentrator. The proteins in the extract were removed using the Sevag reagent. After removal of the Sevag reagent, the concentrate was mixed with four times its volume of 95% ethanol before the mixture was maintained overnight at 4 °C to precipitate polysaccharides. Induction of diabetes in mice. The freshly prepared solutions of alloxan (200 mg/kg body weight) were intraperitoneally injected into the overnight fasted mice. After 72 h, the blood glucose levels were measured by Glucose analyzer. Animals with blood glucose level more than 11.1 mmol/L were considered as diabetic. Experiment design. The alloxan-induced diabetic mice were randomly divided into five groups (8 rats per group), and normal mice were used as the control. Normal control (NC) group, normal mice were allowed to free access to a normal diet and treated with distilled water. Diabetic control (DC) group, the diabetic mice were allowed to free access to a normal diet and treated with distilled water. Positive drug control (DPC) group, the diabetic mice were put on a normal diet and treated with glibenclamide solution (4 mg/kg). Low-dose RAP treated (DLRT) group, the diabetic mice were put on a normal diet and treated with RAP solution (100 mg/kg). Moderate-dose RAP treated (DMRT) group, the diabetic mice were put on a normal diet and treated with RAP solution (200 mg/kg). High-dose RAP treated (DHRT) group, the diabetic mice were put on a normal diet and treated with RAP solution (400 mg/kg). RAP and glibenclamide were dissolved in 2.0 mL of distilled water, and the NC and DC groups received the same volume of distilled water. Treatments were administered orally by gavage using a feeding needle once a day for 4 weeks. The doses used in this study were confirmed to be suitable and effective in tested mice according to preliminary experiments. Biochemical assays. At the end of each week, blood samples were obtained from the tail vein of the overnight fasted mice and their glucose levels were tested by using glucose analyzer. On the last day of experiment, the animals were deprived of food overnight and sacrificed by cervical dislocation. Blood was collected and serum were separated by centrifugation at 3000 rpm for 10 min. Samples were stored at -70 °C until assayed. The liver and kidney were removed quickly, cleaned and washed in ice cold normal saline for biochemical study. The levels of SOD, GPx, CAT and MDA in the serum, liver and kidney were measured according to the recommended procedures provided by the commercial assay kits. Statistical analysis. Data were presented as the mean ± SD). Statistical comparisons were compared by one-way analysis of variance (ANOVA). The SPSS 12.0 statistical software package (SPSS Inc., Chicago, IL) was used for the analyses. P<0.05 was considered statistically significant.
Results
Effects of RAP on the blood glucose of mice. As shown in Fig. 1 , blood glucose levels in the NC group remained constant and were significantly decreased when compared with the DPC, DLRT, DMRT, DHRT and DC groups (P<0.05). After 1 weeks, blood glucose levels in the DPC, DLRT, DMRT and DHRT groups showed a decreasing trend. After 4 weeks, blood glucose levels in the DPC, DLRT, DMRT and DHRT groups were significantly decreased when compared with the DC group (P<0.05). Effects of RAP on the main antioxidant enzymes in the serum, liver, and kidney of mice. As shown in Fig. 2A , the SOD levels in the serum in the DC, DPC, DLRT and DMRT groups, the GPx levels in the serum in the DC and DLRT groups, as well as the CAT levels in the serum in the DC, DLRT and DMRT groups were significantly decreased when compared with the NC group (P<0.05). However, the SOD, GPx and CAT levels in the serum in the DPC, DLRT, DMRT and DHRT groups were significantly increased when compared with the DC group (P<0.05). As shown in Fig. 2B , the SOD and GPx levels in the liver in the DC and DLRT groups, as well as the CAT levels in the serum in the DC, DLRT and DMRT groups were significantly decreased when compared with the NC group (P<0.05). However, the SOD, GPx and CAT levels in the liver in the DPC, DLRT, DMRT and DHRT groups were significantly increased when compared with the DC group (P<0.05). As shown in Fig.2C , the SOD levels in the kidney in the DC and DLRT groups, as well as the GPx and CAT levels in the kidney in the DC, DPC, DLRT and DMRT groups were significantly decreased when compared with the NC group (P<0.05). However, the SOD, GPx and CAT levels in the kidney in the DPC, DLRT, DMRT and DHRT groups were significantly increased when compared with the DC group (P<0.05). Effects of RAP on the MDA in the serum, liver and kidney of mice. As shown in Fig. 3 , the MDA levels in the serum in the DC, DPC, DLRT, DMRT and DHRT groups, MDA levels in the liver in the DC and DLRT groups, as well as the MDA levels in the kidney in the DC, DPC, DLRT and DMRT groups were significantly increased when compared with the NC group (P<0.05). However, the MDA levels in the serum, liver and kidney in the DPC, DLRT, DMRT and DHRT groups were significantly decreased when compared with the DC group (P<0.05) 
Discussion
Alloxan monohydrate is one of the chemical agents used to induce diabetes mellitus in animals since it produces oxygen radicals in the body, which causes pancreatic injury [14] . Intraperitoneal administration of alloxan (200 mg/kg body weight) effectively induced diabetes mellitus in normal mice as reflected by glycosuria, hyperglycaemia, polyphagia, polydipsia and body weight loss compared with normal mice [15] . In this study, alloxan-induced diabetic mice presented obvious hyperglycemic symptoms, and RAP treatment for 4 weeks showed significant reduction in blood glucose levels. These results indicated that RAP possesses hypoglycemic effects. Oxidative stress has been proposed as an important pathogenic factor in diabetic wound complications. While on the one hand hyperglycemia engenders free radicals, on the other hand it also impairs the endogenous antioxidant defense system in many ways during diabetes [4] . Oxidative stress can damage several biomolecules like proteins, lipids and DNA, thereby leading to the inactivation of enzymes affecting DNA integrity and cellular membrane composition [16] . Thus, the ideal anti-diabetic drug should combine both hypoglycemic and antioxidant properties. Liver and kidney are the most important organs, which play a pivotal role in regulating various physiological processes in the body [17] . In this study, the results showed that RAP could significantly increase SOD, GPx and CAT levels, decrease MDA levels in liver and kidney in mice, which suggest that RAP are able to upregulate main antioxidant enzyme activities and reduce lipid peroxidation to protect against alloxan-induced oxidative stress in diabetic mice. These effects might be due to its antioxidant property of RAP.
Summary
The findings of this study demonstrate that RAP possesses hypoglycemic and protective effect on alloxan-induced oxidative stress in diabetic mice. The antioxidant property of RAP may also play a protective role in the development of diabetes. RAP may be of use as an anti-diabetic drug. However, further study is needed to elucidate hypoglycemic mechanism of RAP at the cellular and molecular levels.
